Abstract: Heat shock protein 47kDa (HSP47) serves as a client-specific chaperone, essential for 21 collagen biosynthesis and its folding and structural assembly. To date, there is no comprehensive 22 study on mutational hotspots and protein network for human HSP47. Using five different human 23 mutational databases, we deduced a comprehensive list of human HSP47 mutations and we found 24 24 67, 50, 43 and 2 deleterious mutations from the 1000 genomes data, gnomAD, COSMICv86, 25 cBioPortal, and CanVar. We identified thirteen top-ranked missense mutations of HSP47 with the 26 stringent cut-off of CADD score (>25) and Grantham score (≥151) as
Introduction
we found that these mutations are found in 18 different cancer types with top five being cancers of large intestine (23 mutations), liver (10), stomach (9), lung (8) and oesophagus (7) ( Figure 3C 
124
A. Overview of mutational types reveal large fraction is missense variants.
125
B. Summary of nucleotide changes that generates mutational profile for HSP47.
126
C. Summary of missense variants identified in samples of different cancers.
127
D. Top-ranked deleterious missense variants of HSP47 computed using CADD score (>20) and Grantham score 128 (>50) with summary of cancer type and number of samples possessing deleterious variant. Ct -C-terminal end; missense mutations (Table 2) , five nonsense mutations, three fusion mutations and one each of 134 frameshift deletion and in frame deletion (Table S4) 
139
( Tables 2 and S4 ). Upon applying the strict cut-off of the CADD score >25 and Grantham score ≥151
140
(radical), we found only 6 highly ranked missense variants as top-ranked variants -Arg167Cys,
141
Arg280Cys, Trp293Cys, Gly323Trp, Arg373Cys and Arg377Cys ( Figure 3D) . Additionally, there are 142 three nonsense mutations as Glu251*, Gln368* and Glu375* spanning to five different cancer types 143 (Table S4) . CanVar is a specific database of colorectal cancer samples and there are only 2 deleterious 144 missense variants of HSP47 (Table 3) .
146

Overview of deleterious mutation of human HSP47 deduced from various resources
147
We have identified a comprehensive list of deleterious or pathogenic mutations using five different 148 resources. [9] and gnomAD [10] ) and cancer databases (COSMIC 153 version 86 [11] , cBioPortal [12] and CanVar [13] ).
155
Only 3 deleterious missense variants were shared by these four databases (1000G-COSMIC-156 cBioPortal and gnomAD). While one, three, one variant was shared by a combination of three gnomAD, respectively. Similarly, combination of two databases such as COSMIC-cBioPortal and 1000G-gnomAD share 5 and 3 deleterious missense variants, respectively; whereas 2 each are shared 
164
Upon computing top-ranked deleterious variants from all these resources using the stringent cut-off 165 of the CADD score >25 and Grantham score ≥151, we found thirteen top-ranked deleterious missense 166 mutations as Ser76Trp, Arg103Cys, Arg116Cys, Ser159Phe, Arg167Cys, Arg280Cys, Trp293Cys,
167
Gly323Trp, Arg339Cys, Arg373Cys, Arg377Cys, Ser399Phe, and Arg405Cys. Eight out of these 168 thirteen are arginine mutated into cysteine. We performed structural comparisons of these 13 169 deleterious mutations using protein models deduced using canine HSP47 (PDB Id -3ZHA) as a Ala40Val with one sample each mutated in breast invasive ductal carcinoma and colorectal 185 adenocarcinoma ( Table 2) .
186
In the core domain of HSP47, there are 24, 62, 46, 40 and 2 deleterious mutations deduced from the 187 1000 genomes (Table 1) , gnomAD (Figures 2 and 6 ), COSMIC (Figure 3) , cBioPortal ( Table 2 ) and 188 CanVar (Table 3) , respectively.
189
The helix hA has no deleterious variant in 1000 genomes dataset ( Table 1) 
199
The sheet s6B has a single deleterious mutation in a sample of pancreatic cancer from the COSMIC 200 dataset (Figure 3 ), but none in 1000 genomes (Table 1) , gnomAD (Figure 2) and cBioPortal ( Table 2) .
201
The loop between sheet s6B and helix hB possesses two pathogenic mutation Ser70Pro and Pro71Ala
202
from GnomAD data (Figure 2 ), but none from other datasets. The helix hB has two deleterious 203 mutations as Ser76Leu and Leu78Pro from the 1000 genomes (Table 1) .
204
Mutation Leu78Pro will cause instability for the helix hB as generally, prolines are helix breaker 205 residues. Hence, it has severe implication as the Leu78Pro mutation causes degradation of the ER- 
214
to tryptophan leads into increment conformational space in HSP47 protein´, depicted using surface mutation, hence these must be given priorities in future studies.
217
The loop between helices hB-hC harbors a pathogenic variant as Gly85Asp with one sample of uterine 218 endometrioid carcinoma (1) gathered from the cBioPortal data ( Table 2) 
219
The helix hC has total three variants with two deleterious mutational sites as Ala90Thr and Ser91Leu 220 from the 1000 genomes (Table 1 and Figure 6 ). Mutation Ala90Thr will have higher implication as it 221 causes large changes in the middle of the helix hC in comparison to small amino acid changes for
222
Ser91Leu.Ser91Leu mutation is also possessed by gnomAD data (Figures 2 and 6 ).
223
Deleterious mutation, Arg103His is localized in the loop connecting helices hC and hD, which is also 224 known as CD-loop ( Figure 6 and Table 1 ) and at the same position, there is another deleterious 225 mutation as Arg103Cys found in the gnomAD data (Figures 2 and 6 ) and it is also found mutated in 226 two samples of stomach adenocarcinoma of cBioPortal ( Table 2) . Arg103Cys is top-ranked 
233
The helix hD has only one partly predicted (by SIFT only) pathogenic mutation Ser117Lue. This helix 234 has five mutations at the four locations as Leu115Gln, Arg116Cys, Leu118Pro and
235
Arg124Leu/Arg124Pro in the gnomAD data (Figures 2 and 6) . Out of these missense variants,
236
Arg116Cys is top-ranked deleterious mutation (CADD score >25 and Grantham scores ≥151) with 237 shrinkage of the total surface area in the helix D ( Figure 5C ).
238
The sheet s2A has a single deleterious mutation as Tyr135His, this position is occupied by aromatic 239 amino acids (Figure 6 and Table 1 ). We found two deleterious mutations as Leu134Pro and
240
Gly136Arg in the gnomAD data (Figures 2 and 6 ) and these are matching with COSMIC data with 241 one sample each for esophagus and liver cancer (Figure 3) . There is one more critical mutation as
242
Arg133Gln, mutated in the uterine endometrioid carcinoma deduced from the cBioPortal data (Table   243 2).
244
The loop connecting the sheet s2A and helix hE possesses two deleterious mutations as Ser139Leu
245
and Phe142Leu in the gnomAD data (Figures 2 and 6 ) and at the position 139, there is another critical 246 mutation as Ser139Pro, found in one sample of hepatocellular carcinoma of cBioPortal data ( Table 2) 
247
The helix hE has three critical mutations at two positions Asp144Gly and His153Asn/His153Gln in 248 the gnomAD data (Figures 2 and 6) , whereas cBioPortal data has 4 different pathogenic variants as Table 2) .
The loop connecting the helix hE and the sheet s1A has a single deleterious variant as Cys156Trp from gnomAD data (Figures 2 and 6 ) and. The sheet s1A has a single deleterious mutation as Ser159Phe from gnomAD data (Figures 2 and 6 ) and this missense mutation is in the list of the top intestine cancer (Figure 3 ) and one sample of colorectal adenocarcinoma ( Table 2) . There is another 260 deleterious variant as Ile161Leu deduced from CanVar dataset ( Table 3) 
263
The helix hF has a single deleterious mutation as Asn174Lys from gnomAD data (Figures 2 and 6) .
264
This helix hF has six deleterious variants found in different cancers as Arg167Cys (haematopoietic 265 and lymphoid cancer), Ala169Thr (large intestine cancer), Glu175Lys (large intestine cancer),
266
Ala178Ser (large intestine cancer), Ala178Val (urinary tract cancer) and Asp182Asn (large intestine 267 and lung cancer) from the COSMIC dataset (Figure 3) . Two pathogenic mutations are also found in 268 the cBioPortal data ( Table 2) as Arg167His and Ileu173Val with one mutation each mutated in 269 colorectal and esophagogastric adenocarcinoma. Arg167Cys is a top-ranked deleterious mutation
270
(CADD score >25 and Grantham scores ≥151) and this mutation leads into depletion of the total 271 surface area ( Figure 5E ).
272
The loop connecting helix hF-sheet s3A has single deleterious missense variant as Gly183Ser (Table   273 1 and Figure 6 ). GnomAD data has two mutations at the position 183 as Gly183Ser and Gly183Arg
274
( Figures 2 and 6) . The second deleterious variant Gly183Arg is also deduced from CanVar dataset 275 (Table 3) .
276
The COSMIC data has a single mutation as Gly183Ser with one sample each mutation in oesophagus
277
and stomach cancer (Figure 3) . The cBioPortal data has 3 mutations as Gly183Ser mutated in stomach 278 adenocarcinoma and Lys184Gln and Glu187Lys -both mutated breast invasive ductal carcinoma 279 (Table 2) .
280
The sheet s3A of HSP47 has three pathogenic mutations as Val192Ala, Asn202Lys and Phe205Val
281
found in gnomAD data (Figures 2 and 6 ). This sheet has one critical mutation as Asp191His with two 282 samples of lung adenocarcinoma derived from the cBioPortal ( 
286
Leu200Pro with one sample mutated for biliary tract cancer (Figure 3) .
287
The loop connecting sheet s3A-helix hF1 has two variants with one deleterious variant as His215Tyr 288 in the highly conserved region (Figure 6 ). The small helix hF1 has a single deleterious mutation with 289 high CADD score (32) as Val219Met from the gnomAD dataset (Figures 2 and 6) . The loop between 290 the helix hF1 and the sheet s4C has one critical missense variant (Asn221Tyr) with CADD score of 291 28.2 (Figures 2 and 6 ). Sheet s4C possess one pathogenic mutation as Arg222His (CADD score = 35).
292
The loop connecting sheets s4C-s3C harbours four critical variants -Val226Met from the gnomAD 293 dataset (Figures 2 and 6) . COSMIC data has two mutations as Arg228Trp and Ser229Phe with one 294 sample each of skin cancer (Figure 3) and two from the cBioPortal data as Arg228Trp and Ser229Pro with one sample each mutated of hepatocellular carcinoma and cutaneous squamous cell carcinoma (Table 2) . from the gnomAD dataset (Figures 2 and 6) . The COSMIC has 2 deleterious mutations (CADD score Glu251Lys are potentially critical possessed by one sample of large intestine and biliary tract cancer 303 as deduced from the COSMIC (Figure 3) .
304
The loop connecting sheets s1B-s2B has two critical variants as Lys252Asn (CADD score of 22.5) 305 mutated in a sample of upper aerodigestive tract cancer as found in the COSMIC dataset (Figure 3) 
306
and Leu253Pro (CADD score of 28.4) is found in the gnomAD dataset (Figures 2 and 6 ). Table 2 ). The loop connecting the sheet s3B and the helix hG has total 2 critical 316 variants at the highly conserved position 276 -Glu276Ala and Glu276Lys, first one is found in 1000
317
genomes data (Figure 6 ), while both are present in the gnomAD dataset (Figures 2 and 6 ). Helix hG 318 has two deleterious variants at a highly conserved position 280 as Arg280Cys and Arg280His in the 319 1000genomes ( Table 2) , while at the same position has three critical variants as Arg280Cys,
320
Arg280Ser, Arg280His deduced from the gnomAD dataset (Figures 2 and 6) . COSMIC data has total 321 four deleterious mutations in the helix hG as Glu279Lys mutated in one sample of large intestine 
329
The sheet s2C has two pathogenic mutations as Ala303Thr with one sample mutated with breast 330 cancer and Ser305Tyr possessed by three samples of oesophagus cancer, derived from the COSMIC 331 dataset (Figure 3) . At the position 305, Ser305Pro is found as partly deleterious (only by Polyphen 332 V2) mutation in the 1000gemones data ( Table 2 ). The loop between the helix hH and the sheet s2C 333 has a single variant as Met297Ile with partly deleterious nature (only by SIFT, Table 2 ). The loop 334 between sheets s2C-s6A has one critical variant as Lys308Glu with one sample mutated in the hepatocellular carcinoma, derived from cBioPortal data ( Table 2 ). The sheet s6A has a single critical mutation as Thr314Ile, derived from cBioPortal ( Table 2) .
337
The helix hI has two deleterious mutations at the two highly conserved positions 321 and 323 as and these two mutations are also found in three samples of uterine endometrioid carcinoma and dataset with mutations in large intestine and urinary tract cancer (Figure 3 ). This mutation is already 343 known to cause OI in dogs [8] . Out of these missense variants of the helix hI, Gly323Trp is a top-344 ranked deleterious mutation (CADD score -34 and Grantham score -182) with the increment of the 345 total surface area at the position 323 ( Figure 5H ). This mutation is critical as it is located penultimate 346 to known IO-causing Leu324Pro.
347
The loop between helices hl and hl1 has one deleterious mutation as Leu326Val from the gnomAD Table 2 ). This loop has also a highly ranked mutation as 
360
This loop also harbors another deleterious mutation as Lys343Thr with one sample with skin cancer 361 in the COSMIC dataset ( Figure 3 ) and two samples with cutaneous melanoma from the cBioPortal 362 dataset ( Table 2) .
363
Sheet s5A has total 5 variants of which two pose deleterious mutations as His353Asn and Glu358Gln 364 at the highly conserved position from 1000genomes data ( Figure 6 and Table 1 ). These two mutations 365 are also found to be mutated in one and four samples of colon adenocarcinoma and bladder urothelial 366 carcinoma (Table 2) in the cBioPortal data, whereas COSMIC data has the first mutation found in 
369
The sheet s4A (within RCL) harbors 6 mutations sites -first four (Pro365Leu, Gly372Arg, Arg373Pro, Table 2) . Two arginine to and Grantham scores) with causes depletion in surface areas at respective positions in the sheet s4A (within RCL, Figure 5J -K). The sheet s1C has single deleterious mutation as Phe382Leu, to a highly conserved position just after RCL from the 1000 genomes (Table 1 ) and this variant is also shared in 380 the cBioPortal dataset with two and three samples found in bladder urothelial and uterine 381 endometrioid carcinoma, respectively (Table 2) . Similarly, the loop joining sheets s1C-s4B harbors a 382 single deleterious variant as Ala384Thr from the 1000 genomes (Table 1 ) and gnomAD dataset 383 (Figures 2 and 6 ). This loop also harbors a pathogenic mutation (Pro387Ser) with one sample in 384 cutaneous melanoma from the cBioPortal data ( Table 2) 
410
Upon evaluating protein level expression of HPS47 using the HPA resource, we found that human 411 HSP47 protein is highly expressed in in the normal tissues of lung, kidney, breast, endometrium, tonsil, smooth muscle, oral mucosa, esophagus, testis, vagina, cervix (uterine), soft tissue, and skin 
442
Using FANFOM5 dataset, we found that HSP47 is highly expressed (>100 tags per millions) in 7 443 normal tissues originating from vagina, placenta, cervix (uterine), ovary, breast, thyroid gland and 444 urinary bladder ( Figure 7E) . We also found medium (>100 tags per millions) and lower levels of 
461
This suggested that a cocktail of different molecular chaperones is essential for the physiology of 
516
There are two HSP70 homologs as interaction partners of HSP47 as heat shock 70kDa protein 6 517 (HSPA6) and HSPA8 (also known as heat shock cognate 71 kDa protein, Hsc70), both of these 518 proteins harbor HSP70 (PF00012.19) protein domain (Figure 9G-H 
550
There are two HSP90 homologs in protein-protein interaction partners as HSP90AA1 (or Hsp90α) 551 and HSP90AB1 (Hsp90β), belong to HSP90 family, which is a well-characterized, well-documented conserved and critical eukaryotic chaperone family [34] . These homologs HSP90AA1 and
553
HSP90AB1 are mapped into the human chromosomes 14 (14q32.31) and 6 (6p21.1), respectively 554 (Table 4) . These two proteins have two types of protein domains such as HATPase_C (PF02518.25)
555
and HSP90 (PF00183.17) in the N-terminal and the C-terminal end (Figure 9M-N (Figures 1-4 and 6) . With the strict cut-off of the CADD score >25
628
and Grantham score ≥151, we identified thirteen top-ranked deleterious missense mutations as
629
Ser76Trp, Arg103Cys, Arg116Cys, Ser159Phe, Arg167Cys, Arg280Cys, Trp293Cys, Gly323Trp,
630
Arg339Cys, Arg373Cys, Arg377Cys, Ser399Phe, and Arg405Cys with the major fraction being 631 arginine-cysteine mutation. These mutations show conformational changes when evaluated using 632 structural comparisons based on protein models deduced using canine HSP47 (PDB Id -3ZHA) as 633 the template (Figure 5 ).
634
To date, this study also provides the largest report on the mutational hotspot analyses of any member 
643
Since HSP47 is the potential prognostic biomarker in cancer studies [48] , these variants serve 644 platforms for investigations for potential roles in the different cancer types. We also found that HPS47
645
is differentially expressed in different cancers and also in several normal tissues ( Figure 6 ).
646
Knowledge of protein-protein interactions is crucial for understanding how singling networks 
658
Taken together, our protein-protein network of HSP47 is a critical protein network in the collagen-659 related disorders. Hence, remaining members of interactions partners must also be given into the 660 consideration for future evaluations.
662
In conclusion, this study provides the largest repository of mutational hotspots of HSP47. 
701
Evaluation of HSP47 expression in different cancers tissues and normal tissues
702
We performed an evaluation of expression patterns of HSP47 in different cancer types using dbDEPC 703 3.0, the database of differential expression of protein in cancer [19] . We also examined HSP47 704 expression in normal human tissues using three resources namely, human protein atlas (HPA,
705
https://www.proteinatlas.org/), genotype-tissue expression (GTEx https://gtexportal.org) and
Detection of protein interaction partners of HSP47
We detected putative protein interaction partners of human HSP47 using STRING 10 (website:
We identified Pfam protein domains from proteins interacting with HSP47 using HMMER3 with
714
Pfam 32.0 (Sept 2018) dataset.
715
Supplementary Materials: Supplementary materials can be found online. Supplementary materials contain five
716
supplementary tables as S1-S5. 
